On each of 2 occasions when a tolerant lymphocytic choriomeningitis (LCM) virus infection was introduced experimentally by a natural route into breeding stock of the Pirbright P(SO) mouse strain, and a comparison made with genetically identical controls, there was in successive generations an overall IS-fold increase in the incidence of lymphomas. Most of these were recognized clinically after the age of 16 months. The same observation was made in mice of the P(H) strain from which the P(SO) strain had been surgically derived. The finding is interpreted as the activation of an endogenous viral oncogene by the LCM infection.
Summary
On each of 2 occasions when a tolerant lymphocytic choriomeningitis (LCM) virus infection was introduced experimentally by a natural route into breeding stock of the Pirbright P(SO) mouse strain, and a comparison made with genetically identical controls, there was in successive generations an overall IS-fold increase in the incidence of lymphomas. Most of these were recognized clinically after the age of 16 months. The same observation was made in mice of the P(H) strain from which the P(SO) strain had been surgically derived. The finding is interpreted as the activation of an endogenous viral oncogene by the LCM infection.
It was concurrently observed that the incidence of mammary tumours in the P(H) strain mice before the age of 16 months was markedly lower in the animals infected with LCM.
This study originated from the observation in 1973 of a high incidence of tumours, at the age of 18-22 months, in the lymph nodes of Pirbright peSO) mice tolerantly infected with lymphocytic choriomeningitis (LCM) virus. This subclinical LCM infection was transmitted prenatally from tolerantly infected dams which were the progeny of specified-pathogen-free P(SO) mice which had been experimentally infected with LCM virus early in pregnancy. There was a very low incidence of lymphoid tumours in genetically identical but uninfected mice. The same wide variation in the incidence of lymphomas was recorded for the 3 subsequent generations of these 2 groups which have been studied.
The controlled experiment was repeated 3 years later and the finding was confirmed in the P(SD) strain and in its parent strain, P(H). The effect was not seen in mice of the Porton specified-pathogen-free (SPF) strain, which are believed to have been founded from the same stock some 25 years earlier. However, the same high incidence of lymphomas was later seen in a more closely related mouse strain-P(PTI)--in which a naturally acquired LCM infection had been vertically transmitted for at least 25 generations. This paper summarizes these data and indicates other significant findings of interest.
Materials and methods

Mice
All experimental mice were from closed non-inbred colonies maintained at Pirbright. P Strain. The Pirbright P (Parkes) strain which was derived from stock from the Parkes albino strain at the National Institute for Medical Research (Hampstead) in 1948.
Porton strain. The Porton SPF strain believed also to have been derived from the same source in the same year as the Pirbright P (Parkes) strain (Dr J. S. Paterson, personal communication). It was surgically rederived in 1964 and fostered on gnotobiotic mice. Foundation stock for a colony at Pirbright was obtained from Allington Farm, Porton, in 1967. This colony was named Porton 67. P(H) strain. Derived in 1967 from a section of the P strain colony which was declared free of LCM virus during LCM eradication measures which entailed the monitoring of all breeding stock (Hoyland, Knight & Skinner, 1972) . P(PTI) strain. Founded at the same time as the P(H) strain but from a different subcolony of P strain mice. This substrain was found to be tolerantly infected with LCM virus. This infection could only have originated from infected wild house mice (Skinner, Knight & Grove, 1977) and was perpetuated by vertical transmission within an isolated P(PTI) breeding colony. P(SD) strain. Surgically derived from the P(H) strain in December 1968 and fostered on Porton 67 strain mice.
Establishment oj LCM-infected and control colonies
For the 1971-75 experiment 4 groups of 2 P(SD) female siblings were each mated with single P(SD) males. When a vaginal plug was seen, each female was isolated. The tail of one female was then bitten with the incisors of a freshly killed P(PTI) mouse, and the other was left as an uninfected control. P(PTI) mice have been used in our other studies in this way to simulate transmission of LCM infections from wild house mice. P strain mice infected in early pregnancy usually pass the infection on to their foetuses, which are then born with a life-long tolerant infection. This is recognized by the detection of a high titre of virus in the blood, saliva or urine (Skinner & Knight, 1974) .
The litters born to the bitten females were screened for a tolerant LCM infection after weaning. 4 of these litters, each of 8 mice, in which all the mice were tolerantly infected were selected to provide 8 breeding pairs as a foundation stock for a tolerantly infected colony designated the PTI (persistent tolerant infection) colony. A control colony was simultaneously founded from the litters of the corresponding siblings, the pairs being made up from sources genetically identical to that of the PTI colony. The progeny of these pairs has been called here the 2nd generation, i.e. the 2nd generation to be tolerantly infected. 3 more generations were produced in each colony at 4-6 month intervals by selecting breeding pairs from the 2nd, 3rd or 4th litters. 8 pairs in each colony were mated simultaneously on each occasion and the pattern of their genetical origin was kept identical in the 2 colonies.
A breeding pair was kept permanently together and their litters were reduced in size to 8 mice within a few days of birth and were weaned when 18-19 days old. The sexes were separated when 5 weeks old and a group of 3 only of each sex from each litter was retained and kept separately in an experimental box. If there were not genetically identical groups available from both the PTI and control colonies, the mice concerned were culled and tested individually, with the other mice culled at 5 weeks, for their LCM or LCM-free status. This was always confirmed, as was that of the breeding pairs which were killed at each generation after weaning their 5th litters. The experiment was terminated in the different identical groups from the PTI and control colonies at the age of 18-20,24 or 28-30 months.
For the 1974-76 experiment the same procedures were repeated with mice from the P(SD), P(H) and Porton 67 strains. The breeding pairs and the 2nd and 3rd generations were all observed for 22 months. In a 3rd experiment, in 1975-77, mice of the P(PTI) strain were observed for 18 or 21-24 months.
To eliminate the influence of environmental factors, the PTI and control colonies of each strain in each experiment were kept in the same room, but on separate racking, and were attended by the same technician.
Skinner, Knight & Lancaster
Examination and categorization oj experimental mice Mice were not examined individually before the age of 12 months. With the exception of the P(H) strain, there was a minimal loss of mice in the 1st year of each experiment (Fig. 1) , and at 12 months of age surviving PTI and control mice were in equally good health. In the 1971-75 experiment they were weighed monthly in the 1st year and there was no marked difference in mean bodyweight between the 2 colonies. Additional data on breeding performance are given elsewhere (Skinner & Knight, 1979) . After 12 months, mice were examined individually every 2 weeks, particular attention being paid to the sites of the submandibular, axillary and prefemorallymph nodes. Signs of dyspnoea, abdominal swelling and loss of condition were also looked for. Mice unlikely to survive to the next examination were killed. These, and those killed at the termination of an experiment, were examined in detail and a full record made of findings. From the gross pathology seen the mice were categorized as mice with lymphomas, mice with no lymphomas but with another type of malignant growth, mice with no malignant growths, or mice found dead and not examined. A representative number of tissues was collected for histological examination and confirmation of the post-mortem findings. In the 1971-75 experiment, individual mice with clinical signs of tumours were at first kept under observation for longer periods than in the later experiments and a typical clinical pattern was seen. The earliest sign was almost invariably a bilateral submandibular swelling which could only be detected in its early stages if the mouse was handled. The swelling at this site often increased markedly in size at each examination and after 6-8 weeks swellings in the axilla, and occasionally prefemorally, were also evident, without loss of bodily condition. If killed at this stage, the local lymph nodes were found to be the sites of these tumours, and very often tumours were also present in the retroperitoneal lymph nodes and the thymus. Mesenteric and renal lymph nodes and the kidneys were other common sites. Histological examination identified these tumours as lymphomas.
Results
Incidence oj lymphomas
In the 2 later experiments mice were killed within 6 weeks of the observation of a submandibular swelling and early involvement of the other sites, most commonly the retroperitoneal and axillary lymph nodes and the thymus, was detected at necropsy. An indication of the age at which the lymphomas developed is given by the following cumulative percentages of mice in which lymphomas were Survivors killed at Strain Generation (months)~.
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.:.;.:.:.:.:.:.:.:.:.:.:.:. identified in the PTI groups of the 2nd and 3rd experiments. The figures for the 63 P(SD) mice at 2-month intervals from 12 to 22 months were 0, 5, 25, 54,77,88%, and for the 124 P(H) mice 0,6,23,37, 48, 59%. The figures for the 118 P(PTI) mice were 0, 1,5,24,40,50%, and at 24 months 68%. In the total of 211 P(SD) mice in the PTI groups which developed lymphomas, the submandibular lymph nodes were involved in 89% and the retroperitoneal lymph nodes or thymus in the remaining 11%. All 3 of these sites were involved in 49% of the mice. The pattern of involved sites was very similar in the P(H) and P(PTI) mice and in the 28 mice with lymphomas in the P(SD) and P(H) control groups. In the total of 6 Porton 67 mice with lymphomas the sites were: submandibular 4, thymus 2.
Monitoring of experimental micefor their LCM status
In the 1974-76 experiment many of the mice killed after the age of 18 months were checked for their LCM status by testing their blood for infectivity. All mice in the Porton 67 PTI group were monitored and a viraemia was confirmed, thus removing any doubt that the low incidence of lymphomas could be explained by the loss of the infection. All mice monitored in the other PTI groups were also viraemic, whether they had lymphomas or not. The check was also applied to all control mice which developed lymphomas and no infectivity was detected.
In the 1975-77 P(PTI) experiment, tissues from 13 mice killed at the age of 23-24 months were titrated for infectivity. 5 of them had not developed a lymphoma and their tissues had the same infectivity as those which had. The mean infectivity titres expressed in loglo mouse ID so /0·05 ml or 0·05 g were: for blood, 3·7 (13 donors), range 2· 6-5·2; for submandibular salivary glands and lymph nodes pooled, 5·9 (II), range 5·0-~6·5; and for urine, 3·8 (6), range 3·2-4·5. Tests for infectivity in the saliva of 5 of these mice were all positive. The pattern of infectivity which had consistently been demonstrated in tolerant infections in our earlier studies was thus confirmed.
Mammary tumours in the P(H) strain mice
Nearly all the P(SD), P(PTI) and Porton 67 mice categorized as having malignant growths other than lymphomas had developed lung tumours late in the experiments. None of the mice in these strains developed mammary tumours, but these accounted for the culling of many P(H) strain mice early in the 1974-76 experiment before lung tumours or lymphomas developed. Thus, in the 143 control P(H) mice the cumulative number culled for this reason by the age of 7, 11, 15, 19 and 22 months was 0, 14,27,35 and 37 respectively. In the LCM-infected P(H) mice numbers were only 0, 4, 5 and 7 respectively. There was a clear indication therefore of a lower incidence of these tumours in the latter group.
These mammary tumours are assumed to have been caused by the Bittner agent virus which is known to be eradicated when progeny is surgically rederived and fostered on SPF dams. This could therefore account for the absence of mammary tumours from the P(SD) and Porton 67 mice. If the ancestral Parkes or P strains were free from the Bittner agent in any case, then this would explain the absence of the tumours from the P(PTI) mice. Their presence in the P(H) strain could then be attributed to the close contact which this, alone of the 4 experimental strains, had with many other mouse strains for the 18 months prior to selection of its foundation stock (Subak-Sharpe, 1961; Hoyland et al., 1972) . However, an alternative hypothesis for the absence of mammary tumours from the P(PTI) strain is suggested by their apparent suppression in the 1st 3 generations of the P(H) experimental mice following the introduction of a tolerant LCM infection. This would be that the P strain was carrying the Bittner agent in 1959 when it was divided into the 2 subcolonies from which the P(H) and P(PTI) colonies were derived, but clinical signs were totally suppressed in the latter during the 25 generations or more carrying the tolerant LCM infection. Traub (1941) reported a 21% incidence of lymphoid tumours in mice tolerantly infected with LCM virus which were observed up to the age of a year only. He later found the same incidence in a colony free of LCM infection, but when a tolerant LCM infection Skinner, Knight & Lancaster was introduced into an inbred line of this colony the incidence of lymphomas increased markedly, and the age at which they appeared was shortened from an average of 17 months to less than 6 months (Traub, 1961) . Pollard & Sharon (1969) reported histological changes in lymph nodes, spleen and thymus in clinically normal gnotobiotic mice aged up to a year into which a tolerant LCM infection had been introduced. The authors of these reports admitted that more adequate control groups would be required before the LCM infection could be claimed to have produced the changes seen.
Discussion
In other studies (Gross, 1972) it was shown that mouse leukaemia virus was transmitted vertically from generation to generation, normally without any clinical signs. However, various factors could activate the virus to cause a syndrome which might include the development of lymphomas. Oldstone, Aoki & Dixon (1971) introduced a tolerant LCM infection neonatally into several strains of mice which carried the leukaemia virus, and found that at the age of 3 months there was serological evidence of the activation of this virus in all LCM infected mice, but in none of the controls. The mice were not kept long enough for tumours to develop. They concluded that this was an example in mice of an endogenous oncogene-namely leukaemia virus-being activated by the tolerant LCM infection. We interpret our own findings in the same way, although confirmation of the presence of mouse leukaemia virus in our mouse strains has not been attempted.
Our 1st experiment, with P(SD) mice only, had been designed to demonstrate the absence of ill-health in successive generations of an SPF mouse colony when newly infected with LCM virus. Originally, observations were to be terminated as the mice reached the age of a year. When the 1st litters reached this age the LCM-infected and control colonies had both remained in good health. Mice in a breeding colony are not normally kept as long as a year and there was therefore confirmation of the belief that the presence of a tolerant LCM infection in a colony could only be detected by monitoring the breeding pairs for the presence of the virus (Skinner & Knight, 1971) . Fortunately, observations continued and mice in both colonies remained clinically identical until the age of 18 months when the incidence of submandibular tumours in the PTI colony was significantly greater. All the mice were then examined regularly from the age of a year and the final incidence of lymphomas (155 of 295 mice in the PTI colony, compared with only 13 of 291 mice in the control colony) was highly significant.
The 2nd experiment, 1974-76, was designed to test the hypothesis that the Porton 67 dams which fostered the litters surgically derived from P(H) mice, to form the P(SD) colony, were the source of an agent causing the lymphomas in the P(SD) strain. There was no support for this hypothesis when the same high incidence of lymphomas occurred in the LCM-infected groups of both the P(SD) and P(H) mice and, in the 3rd experiment, also in the P(PTI) mice. The development of lymphomas in the controls of the Porton 67 mice suggests that the parent Parkes strain could have been a common source of a causal agent in both the Porton and Pirbright strains. Genetical changes during the 25 years of separation of these 2 non-inbred strains could explain why the Porton 67 strain showed no increase in lymphomas when infected with LCM virus.
In our studies with LCM virus in laboratory animals we have avoided unnatural methods of transmission of infection and the use of a bite from a tolerantly infected mouse to initiate the tolerant LCM infections in the present study demonstrates how a naturally acquired activating agent can influence greatly the incidence of tumours in otherwise identical sub-colonies of a strain of mice.
